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As a simple illustration of earthquake radiation, we may 
imagine a disturbance to originate at 0 as a single impulse, the 
resulting vibrations spreading in all directions through the earth, 
and in all directions over its surface. The former of these may 
be regarded as elastic vibrations, whilst the latter have the 
character of surface undulations influenced by gravity. At any 
station Pj the first arrivals would be preliminary tremors, chiefly 
compressional in character. These would be suddenly eclipsed 
by vibrations, probably distortional, originating by refraction 
beneath the crust in the vicinity of P : . The first of them we 
should expect to find serrated, whilst their followers emerging 
between P]^ and P 2 would be smoother in outline and larger in 
amplitude. The last and largest members of the series would 
be those which have travelled practically as free surface-waves 
through the crust. The result of such radiation as exhibited on 
a seismogram would be to show true preliminary tremors, 
suddenly followed by a series of larger waves, which would 
gradually grow in size. If at the origin there were several 
impulses, then these latter precursors would arrive in groups. 
An alternative hypothesis is to assume that all the vibrations 
recorded at a station P arrived along their peculiar brachisto- 
chronic paths through the earth, an important fact supporting 
which, is that up to the present we have not with any certainty 
identified waves which may have reached P passing outwards 
from O round our world in opposite directions. Although it is 
not likely that I shall be able, in the tremor-haunted, damp, 
dark stable where I work, to catch the waves which have taken 
the longest route to my observing station, that there are such 
surface undulations radiating in all directions from an epifocal 
area there is but little doubt. Near to an origin you see the 
little waves come rolling down a street, whilst at distances of 
300 miles the ground swell may be so heavy that I and many 
others have been seized with nausea. What proportion of 
seismic energy escapes round the surface of our earth, as 
compared with that which passes through the same, I do not 
know; but if the experiment were made, I should not be sur¬ 
prised to find that at the time of large earthquakes, mountains 
swayed like the masts of ships on a slowly heaving ocean. 

All that has here been suggested is clearly very far from being 
above criticism. It indicates a want of knowledge respecting 
the researches of the elastician, whilst the facts are few. 
Although the observations may be characterised by their poverty, 
I often see in the rough-headed mobs of earthquake precursors 
rhythmical repetition ; and I trust that, if my story of their 
creation and long duration is not the true one, it may at least 
induce others to attempt better hypotheses. John Milne. 

The Orbit of Witt DQ. 

The extreme eccentricity of the orbit of Witt’s planet suggests 
some interesting speculations. Assuming the aphelion and 
perihelion distances in terms of the earth's mean distance are 
respectively 179 and ri2, the planet approaches the sun in 
322 days, a distance of sixty-one million miles, an average of 
200,000 miles a day. 

Practically this may be considered as a fall, during the half¬ 
revolution, of this distance. Now if the planet were a perfectly 
plastic body, and we knew all its elements, it would be per¬ 
fectly possible to determine the deforming forces acting on it 
during the passage. It is evident that the force of gravity acting 
on the forward point of the syzygial axis would always be in 
excess of that on the rear, and in consequence that the tendency 
would be to continually lengthen that axis in a proportion 
referable to the squares of the distances fallen. On the other 
hand the force of internal gravitation towards its own centre 
would always tend to restore the sphericity, and the result would 
be that a body starting as a sphere from aphelion would find the 
syzygial axis prolonged and its shape deformed into an increas¬ 
ingly prolate spheroid, till on its arrival at perihelion and its 
commencement to retreat the reverse phenomenon would occur, 
and the planet on its return become again a sphere. 

Now, of course, we have no reason to suspect that DQ is a 
plastic body, and the comparative insignificance of its size, 
would, were it to be composed of matter of equal rigidity 
with ordinary rocks on the surface of the earth, enable it to suc¬ 
cessfully resist these deforming influences. We may, however, 
imagine a case where the strains would be sufficient to break up 
an ordinarily rigid body, if the eccentricity exceeded a certain 
amount, and the consequent differential action of gravity became 
sufficiently great. 
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A hypothetical planet moving in an orbit of high eccentricity, 
for instance, between Mars and Jupiter might, so long as it 
continued plastic, preserve its condition as a single coherent 
body. If, however, it were cooled to an extent sufficient to be¬ 
come enveloped by a rigid crust, there might come a time when 
the deforming forces would cause deep and continually proceed¬ 
ing fractures. Eventually we can conceive that these fractures 
would split the body into fragments, each of which from its own 
intrinsic rigidity would be able to maintain its shape and co¬ 
hesion. In such a case each of the fragments would proceed to 
take up an independent motion of its own. Hence, perhaps, we 
may see our way, without calling in any extraneous factor, to- 
account for the present zone of asteroids, as well as explain the 
small size of the individuals. 

This tallies, moreover, with observation. The great planets 
have all orbits approaching a circle ; Jupiter, the greatest of all, 
has, with one exception, the smallest maximum of eccentricity ; 
and Mercury, the smallest, has actually the greatest. The 
Leonids move in a still more elongated orbit, and they are 
amongst the smallest celestial objects with which we are 
acquainted. Altogether the minuteness of the planet and the 
eccentricity of the orbit have some connection in fact; this con¬ 
nection! cannot believe to be fortuitous, and it seems not alto¬ 
gether presumptuous to refer it to a common law, which we 
know pervades the universe. This is my excuse for attempting 
to venture into a hitherto unexplored region of physics, but one 
pointing to vast possibilities, amongst others in geology. 

Shanghai, January 17. Thos. W. Kingsmill. 


The Teaching of Geometry. 

I AM sure that all mathematical teachers can thoroughly en¬ 
dorse Prof. Minchin’s letter. The difficulty of making a change 
lies in the University and Civil Service examinations, which still 
prescribe Euclid. On the continent Euclid has been super¬ 
seded by modern books, some of which might serve as a basis 
for a thoroughly reformed English text-book. 

I am convinced that the deplorable weakness shown by almost 
all boys in the solution of geometrical problems, arises in great 
measure from Euclid ; they are utterly confused by its prolixity 
and verbiage. 

And it is not as though this prolixity meant any greater 
accuracy or better logical sequence. It is not proved till 
Book iii. that a circle can only cut a straight line in two points ; 
but in (i. 12) this property is quietly assumed, otherwise several 
perpendiculars could be drawn. I. 13 simply asserts that 
a + (b + c) = {a + b) -f c s but is unintelligible to beginners 
through its verbiage. In i. 16 we practically make an angle 
equal to the interior one, against the exterior angle, and then 
ask the pupil to see for himself that one is greater than the 
other, which is suspiciously like petitio principii. In the second 
Book we have a number of cumbersome proofs, some of which, 
indeed, are now shortened to an algebraic form. (I have 
never been able to understand the Cambridge regulation that 
the sign -1- may be used, but not the sign - .) The Euclidean 
definition of proportion is quite unintelligible to beginners, 
while the conception of similar figures and of scale is easily 
grasped. To insist on young boys entering on the subtleties of 
the subject, is much as though one made a child beginning 
arithmetic read, say, the first chapter of Weber’s Algebra. 
What is wanted is thorough ready knowledge of the properties 
of lines and circles. And for this I would strongly recommend 
practical geometry, I believe it could very easily be made a 
means of imparting a knowledge of geometry in its highest and 
widest sense. R. J. Dallas. 

15 Pemberton Gardens, N. 


American and English Winters. 

While we, in the south of England, this February, have 
been enjoying weather of extraordinary mildness, we have read 
in the daily papers of bitter frost in America, and the miseries 
of a ferocious blizzard. It is by no means uncommon to find 
opposite winter weather, at the same time, east and west of the 
Atlantic. Can we form any exact idea as to frequency of the 
occurrence ? 

By way of seeking light on this, I have lately compared 
Chicago and Greenwich weather in the first quarter of the year, 
in the fifty-one years 1841-91 ; presenting the facts by a variety 
of the graphic method, which I do not remember to have seen 
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much used,in meteorology, but which seems capable of various 
useful applications. 

In the diagram herewith, the line of ordinates measures mean 
temperatures of the first quarters at Greenwich, and the line of 
abscissae those at Chicago. The cross-lines represent averages : 
39 0 *7 for Greenwich, 28°'O for Chicago; and each dot, by its 
position, indicates the character of a winter (temperature of 
first quarter) at both places. 
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The vertical and horizontal scales being alike, one can see 
by the shape of the diagram how much greater are the variations 
of winter temperature at Chicago than at Greenwich. 

If we call anything above the average mild\ and anything 
below it cold , we find, on counting the dots in the four divisions, 
this state of things :— 

Cases. 

Greenwich mild, Chicago mild ... 16I 

Greenwich cold, Chicago cold ... 14 J 3 ° 

Greenwich mild, Chicago cold ... 94 

Greenwich cold,'Chicago mild ... 12 J 21 

Thus, 21 of those 51 first quarters (say 42 per cent.) were of 
opposite sign, and 30 of like sign. 

The distribution of dots may suggest other points of interest, 
on which I need not here enlarge. It would be instructive, I 
think, to make other comparisons of the same kind. Some 
time ago Prof. Hann compared the winters (December-February) 
at Jakobshavn, in the west of Greenland, and Vienna ( Met . 
Zeits., March 1890, p. 112), and found a larger proportion of 
unlike signs than the above—viz. 27 cases, against 15 of like 
s *g n - Alex. B. MacDowai.l. 


DANTE AND THE ACTION OF LIGHT UPON 
PLANTS. 

T N the history of vegetable physiology, sufficient im- 
portance has not been given to Dante’s observations 
upon the action of solar light and heat upon plants, and 
to the ideas upon this action that existed in Italy in the 
fourteenth century. Sachs, in his “ Geschichte der 
Botanik,” ignores Dante and Pier de’ Crescenzi com¬ 
pletely ; observing in a general way : “ Of the importance 
of Light and Heat for the nourishment and the growth of 
plants, next to nothing is to be found in the authors that 
wrote before the last decades of the seventeenth century ; 
although certainly the action of these agents must have 
been known from the oldest times, in plant culture and 
in several special circumstances.” 1 P. A. Saccardo also, 
in his “ Primato degl’ Italiani nella Botanica,” does not 
take any notice of the observations and opinions of Dante 
and of Pier de’ Crescenzi on light action. 

In such special works as Ottaviano Targioni Tozzetti’s 
“Cognizioni botaniche di Dante,” written in 1820: R. de 
\ isiani’s “ Accenni alle Scienze botaniche nella Divina 
Commedia,” published in 1865 : and the quite recent book 
“ Dante Georgico,” in which, in a complete and able 
manner, Count Gastone di Mirafiore has collected all the 

3 Sachs, “ Gesch. der Botanik,*’ p. 387.. 
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references to agriculture, and to plants and animals, that 
are to-be found in the “ Divina Commedia” and in the 
minor works of Dante: the historical importance of some 
of Dante’s observations upon light action has been over¬ 
looked ; and no mention is made of the opinions prevalent 
upon this subject in Dante’s time, as given especially by 
Pier de’ Crescenzi. 1 

The best-known and often-quoted verses, in which the 
action of solar radiation upon plants is first noted in a 
modern language are those of “ Purgatorio,” xxv. 77 : 

Guarda il calor del Sol che si fa vino 
Giunto all’ unior che dalla vite cola; 

or, in Longfellow’s translation : 

Behold the Sun’s heat which becometh wine 
Joined to the juice that from the vine distils. 

Dante, despite his remarkable clear-sightedness in 
noting and describing natural phenomena, was not 
emancipated from what Whewell calls the comment- 
atorial spirit of the Middle Ages ; and these verses are 
but a powerful and poetical rendering of a passage in 
Cicero’s “ De Senectute,” a book which, as may .be 
gathered from the several quotations in the “ Convivio,” 
was much studied by Dante. There is no doubt, how¬ 
ever, that Dante’s verses have a special interest in the 
history of vegetable physiology ; for they drew attention 
to the importance of their meaning in two such master 
minds as Galileo and Francesco Redi. 

It is not unlikely that the verses of Dante influenced 
Leonardo da Vinci in believing that “the sun giveth 
spirit and life to plants, and the soil with its moisture 
nourisheth them,” 2 leading him to an experiment in which 
the importance of leaf-function in the nourishment of 
plants is first noted, trvo hundred years before Malpighi. 
In this experiment Leonardo caused a water-fed plant to 
grow prosperously and bear fruit abundantly, although 
its roots, had purposely been reduced to “only one tiny 
rootlet ” (solamente una minima radice). Leonardo thus 
succeeded in causing a plant to grow chiefly by its 
foliage, to “ vivere della cima ” (“ Paradiso,” xviii. 29) : an 
experiment that would have been too dangerous for the 
experimenter in Dante’s days. The “ vivere della cima " 
was for Dante such a supernatural condition that it could 
only be described as possible for the symbolical tree of 
Heaven : 

. . . the tree, whose life 

Is from its top, whose fruit is ever fair, 

And leaf unwithering. 

— Cary’s Translation. 

The verses of Dante on the action of sunlight on the 
vine are paraphrased in new verses in the “ Bacco in 
Toscana” of Redi, the poet and naturalist, in describing 
the growth of wine, “ that lovable blood * : 

Si bel sangue e un raggio acceso 
Di quel Sol, che in ciel vedete ; 

E rimase avvinto e preso 
Di piii grappoli alia rete ; 

or, as rendered in English by C. H. D. Giglioli : 

That blood so fine is a kindled ray 
From the Sun, in heaven set, 

Entangled and held a prey 
By clustering grapes in their net. 

Galileo, as Magalotti tells us, believed that “ wine is a 
compound of light and sap.” Magalotti rather diffusely 

3 Ottav. Targioni Tozzetti, “ Delte Cognizioni botaniche di Dante 
espresse nella Divina Commedia.” Atti dell’ Accad. della Crusca. Toma 
ii. (Firenze, 1829.) Roberto de Visiani, ‘‘Accenni alle Scienze botaniche 
nella Divina Commedia ” ; in “ Dante e il Suo Secolo.” (Firenze, 1865.) 
Gastone di Mirafiore, ‘‘Dante Georgico.” (Firenze, 1898.) See also: G. 
Bottagisio, “Osservaz. sopra la Fisica del Poema di Dante.” Nuovaediz- 
sulla prima Veronese del 1807, a cura di G. L. Passerini, Citta di Ca&tello,. 
1804. 

2 J. P. Richter. “ The Literarv Work of Leonardo da Vinci.” (London, 
1883.) 
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